Introduction
The Doppler effects is an important reason of the signal distortion generated in the mobile communication. Especially in the underwater acoustic channel, for the propagation velocity of the acoustic wave in water is far less than that of the electromagnetic wave in the air, Doppler effects of the underwater acoustic communication is much larger than that of the air radio communication. The Doppler effects of the underwater acoustic communication can lead to a high error rate [1] [2] [3] , and even a complete failure of the communication task. The estimates of the Doppler effects in the mobile underwater acoustic communication have been studied by the paper. Scholars have conducted a lot of research on the method of Doppler estimation of the underwater acoustic communication which can be summarized into two categories. The first is the measurement of the frequency of the received signals. Estimate the Doppler coefficient by the offset of the frequency.
[4] [5] The second is based on the time-domain broadening or compression effects caused by Doppler effects, by measuring the time domain broadening or compression of the signal to estimate the Doppler coefficient.
[6] [7] This paper uses adaptive Notch filter to measure the frequency value of CW pulse signal which has been through the channel to get the estimation of the Doppler coefficient. Fractional Fourier Transform ( FRFT) is a generalized form of the Fourier transform, which can be understand as the rotation operator of the time-frequency plane . Signal conversion into fractional domain contains both time domain and frequency domain information, which makes FRFT has many nature that the traditional Fourier transform does not have. So FRFT can be used to deal with the non-stationary signal which is similar to LFM signal. [8] This paper uses the fractional Fourier transform to estimate the chirp value changes of the LFM signal which has been through the channel, then gets the estimation of Doppler coefficient.
The principle of Doppler coefficient estimation
The underwater acoustic channel is a time-varying, space-varying complex channel. Due to relative motion exists among transceiver nodes in Mobile underwater acoustic communication, which makes the received signal with Doppler effects. Doppler effects will generate two parts of influences on the signal: One is the pulse width of the pulse signal will be stretched or compressed. The other one is the frequency of the signal generates offset, and the fundamental frequency offset is also the auxiliary effect brought by the expanding or compressing of signal time domain.
The Doppler frequency coefficient estimation based on the CW pulse
In mobile underwater acoustic communication, we can get the signal frequency offset value by the frequency estimation of transmission communication signal passed on in the channel, and then get the Doppler coefficient estimation. In this section the Doppler coefficient estimation is obtained by the frequency estimation of the CW pulse in the synchronous signal.
There are many means of measuring frequency, such as FFT-based frequency measurement method, Hilbert frequency measurement method, Zero-crossing detection method and using Notch filter frequency measurement method etc. Comprehensive consideration, this paper selects adaptive Notch filter to do frequency estimation. [9] Then get the Doppler coefficient estimation: we assume the received CW pulse frequency is estimated to be fˆ. The CW pulse frequency of the transmission side is f , the Doppler coefficient is estimated as following:
The Doppler estimation based on FRFT
The FRFT is taken advantage to estimate Doppler coefficient. And then the Doppler impact to chirp signal is analyzed.
The chirp signal is always used in radar or sonar, and the expression in complex domain is defined as: Where 0 f is the center frequency, k=B/T is chirp rate, B is the bandwidth. The instantaneous phase and frequency at transmitting terminal can be given as
Assume that the Doppler arises, so the instantaneous phase and frequency at transmitting terminal would be:
, and ' is Doppler coefficient.
From (3) and (4), the following three aspects are produced by the Doppler effects to LFM pulse signal. 1) the time domain widening or compression of LFM pulse signal.
2) the center frequency becomes
As can be seen from the 2) and 3), Doppler estimation can be obtained according to the center frequency or chirp rate.
In this paper, the estimation of Doppler coefficient is accepted through the estimation of chirp rate. And the specific implementation algorithm is as follows: the rotation factor 2 / S D p and the optimal order p are adjusted in order to get the estimate optimal order p corresponding to the new chirp rate k D k 2 . In practice, the calculation burden is reduced by taking advantage of the p in an expectations range.
According to the corresponding relationship of the chirp rate and the best order to FRFT [10] , we get:
Furthermore, due to the speed limit of underwater platform the ' is much less than 1, so ' 1 is constant positive.
Therefore, from (6), we infer:
Where (7) is considered to be the analytic formula of estimated Doppler coefficient based on FRFT.
Simulation Study
The purpose of this section is to study the performance of two Doppler coefficient estimate methods using the CW pulse signal and LFM signal which are employed frequently in radar or sonar signal processing. The comparison studies of the two estimation methods in different applications have been conducted in order to draw the advantages and disadvantages of the two Doppler estimate methods.
Simulation study of Doppler estimate based on the CW pulse frequency measuring
Simulation conditions A complex structure of the multi-path underwater acoustic communication channel has been added to the simulation study as shown as in the Fig.1 . The Doppler coefficient is obtained by measuring the frequency of the CW pulse which propagates through the strongest channel. CW signal pulse width is 100ms, and the frequency of 5000Hz, the system bandwidth is 4 ~8kHz. As shown in the Tab.1 is measured Doppler coefficient based on Notch filter with the different SNR which was simulated 5000 times. The noise for simulation is white Gaussian noise. From Tab.1 a conclusion can be concluded that the accuracy of Doppler estimate decreases gradually with the increase of SNR. The Doppler estimator based on the Notch filter has a higher accuracy with the SNR of 10dB or more. As shown in the Tab.2 is measured Doppler coefficient based on the FRFT with the different SNR which was simulated 5000 times. The Doppler estimate based on FRFT has been simulated in this section. The noise for simulation is white Gaussian noise. The Doppler coefficient is obtained by measuring the chirp of the LFM pulse which propagates through the strongest channel. Can be obtained from Table 2 , the estimated result of the Doppler factor is gradually approaching the true value with the increase of the SNR meanwhile the estimation bias and Standard deviation is gradually reduced. The Doppler coefficient estimate method based on adaptive Notch filter is an approximate unbiased estimation algorithm on the condition of high SNR. Moreover the performance of Doppler estimate based on FRFT does not significantly change with the diversification of Doppler coefficient. The robustness of the Doppler estimate method based on FRFT in underwater acoustic communication channel has been varied.
Conclusions
This paper begins with a brief introduction on the principle of Doppler estimation based on the CW pulse frequency measurement, and then derived the method using the fractional Fourier transform of LFM signal to get the Doppler coefficient estimation. Also the paper provides the simulation research on the two kinds of methods. Through theoretical derivation and simulation studies: the method based on the CW pulse frequency estimation has the high-light advantages of the small amount of calculation .When the Doppler effects is small, the estimation would have a robust performance. But when Doppler effects reach a certain order of magnitude, the estimation would have a worse performance. The method of Doppler coefficient estimation based on the FRFT has a certain robustness and effectiveness. The estimate precision has relationship with and the search step of optimal order, when a high estimation precision is needed the calculation would be highly increased.
